We show for the first time that filaments are able to divert electric discharges from their normal path. Comparison between negative and positive discharge polarities reveals important differences in the guiding mechanism.
Introduction
Several techniques were developed through history to protect buildings and sensitive facilities from the damage due to lightning strokes. Among them, the lighting rod and the rocket wire triggering are the most common ones. Since the 60s several attempts were made to guide or trigger lightning via the plasma column created with high power lasers, mostly high energy CO 2 or Nd:YAG lasers [1] . The discontinuity of the produced plasma columns and the important energy required to generate them strongly limit the application of such technique. More recently, owing to the development of the femtosecond CPA laser, a new promising phenomenon called laser filamentation was observed during propagation of fs pulses. This self guided nonlinear propagation regime consists in a dynamical competition between the Kerr self focusing and the plasma induced defocusing. In this regime a long thin plasma column can be obtained up to kilometer range with laser energy of 200 mJ [2] . Several studies demonstrate the ability of filaments to decrease the breakdown voltage up to 30 % and to guide electric discharges over several meters [3, 4] . We present here a laboratory experiment performed to characterize the conditions for efficient guiding of meter scale discharges by femtosecond laser filament in the case of positive and negative voltage polarities. We also show for the first time that filaments are able not only to trigger and guide but also to divert an electric discharge from its normal path. For the experiment, the ENSTAmobile laser was used. This Ti:Sa femtosecond laser chain based on the CPA technique (Chirped Pulse Amplification) can deliver pulses of 350 mJ for 50 fs (7 TW of peak power) at a repetition rate of 10 Hz. The laser was precisely synchronized with a high voltage Marx generator producing a voltage wave with a rising time of 4 s and a decay time of 100 s. The experimental setup consists in a large planar electrode connected to a high voltage Marx generator placed above two other electrodes connected to the ground (see Fig 1) . Electrode A was a sharp tip while the electrode B was a sphere (15 cm of diameter).
Experimental setup
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Moreover the gap between the tip and the planar high voltage electrode was shorter (2.2 m) than the corresponding one for the sphere (2.5 m). The two electrodes were separated by more than 1 m in order to avoid distortions of the electric field lines by electrostatic influence. The laser pulse was focused by a 10 m focal lens in order to produce a homogeneous plasma column between the sphere and the planar high voltage electrode. For each shot the currents circulating, the voltage on the planar electrode and the laser signal were measured.
Results
We first checked that in absence of laser natural discharge always occurs on the metallic tip A. For negative applied voltage the natural breakdown threshold was about 5.2 kV/cm while for positive polarity, the breakdown field was 7.2 kV/cm. By sending the laser pulse with the proper delay with respect to the voltage wave, we were able to guide the discharge over the whole gap for both polarities (see Fig 2. ). We noticed that the delay tolerance for positive applied voltage is much higher than for negative polarity. Also in negative polarity, the voltage drop associated with the discharge was observed around 4 microseconds after the laser (see Fig 3. ), while the same delay is about 500 ns for the positive case (see Fig 4. ). We observed a lowering of the breakdown threshold of 8 % in negative polarity consistent with previous result of Comtois et al. More surprisingly, with the positively charged electrode, we managed to decrease the threshold by a factor 2 with the laser filament connecting the two electrodes. We attribute this strong discrepancy to the different mechanisms involved in the development of negative or positive leaders typically observed in meter scale discharges in non uniform electric field [1] . Using the optimal delay determined with a single spherical electrode, we were able to divert the spark from its natural point of attachment (tip A in Fig. 1 ) towards the second electrode representing the protecting rod (sphere B in Fig. 1 ). 
Conclusion
The triggering and guiding of 2.5 m scale discharges by femtosecond laser filament in air have been studied experimentally with both voltage polarities. In the case of plane/rod electrodes geometry, due to the non uniform electric field, a dissimilarity was observed between the positive and negative applied voltage. In particular the lowering of the breakdown is much more efficient for positive voltage with a decrease of 50% of the breakdown field. Finally we demonstrated for the first time the possibility to divert a long gap electric discharge from its natural attachment point to a safer one initially chosen.
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